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The GABA A R a4 subunit is highly expressed in the dentate gyrus region of the hippocampus at predominantly extra synaptic locations where, along with the GABA A R d subunit, it forms GABA A receptors that mediate a tonic inhibitory current. The present study was designed to test hippocampus-dependent and hippocampus-independent learning and memory in GABA A R a4 subunit-deficient mice using trace and delay fear conditioning, respectively. Mice were of a mixed C57Bl/6J X 129S1/X1 genetic background from a4 heterozygous breeding pairs. The a4-knockout mice showed enhanced trace and contextual fear conditioning consistent with an enhancement of hippocampus-dependent learning and memory. These enhancements were sex-dependent, similar to previous studies in GABA A R d knockout mice, but differences were present in both males and females. The convergent findings between a4 and d knockout mice suggests that tonic inhibition mediated by a4bd GABA A receptors negatively modulates learning and memory processes and provides further evidence that tonic inhibition makes important functional contributions to learning and behavior.
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Introduction
The c-aminobutyric acid A receptor (GABA A R) functions as the major mediator of both phasic and tonic inhibitory neurotransmission in the brain. It is composed of five subunits selected from 19 gene products that are currently known to play a role in the mammalian CNS (a1-6, b1-3, c1-3, d, e, p, h, and q1-3) (Olsen & Sieghart, 2008) . Receptors containing a4bd are predominantly expressed extrasynaptically where they mediate a tonic inhibitory current (Glykys, Mann, & Mody, 2008) that is sensitive to modulation by low doses of neurosteroids and ethanol (Brown, Kerby, Bonnert, Whiting, & Wafford, 2002; Smith, Shen, Gong, & Zhou, 2007; Wallner, Hanchar, & Olsen, 2003) . The a4 subunit is primarily expressed in the molecular layer of the dentate gyrus, thalamus, striatum, nucleus accumbens, tuberculum olfactorium, and superficial layers of the neocortex, while being notably absent from the cerebellum (Cestari, Liu, Mu, & Burt, 1998; Chandra et al., 2006; Pirker, Schwarzer, Wieselthaler, Sieghart, & Sperk, 2000) . Although typically expressed together, the a4 and d subunits can partner with other subunits. d can combine with a6 in the cerebellar granule cells and a1 in inhibitory interneurons in the molecular layer of the dentate gyrus (Glykys et al., 2007; Pirker et al., 2000; Sperk, Schwarzer, Tsunashima, Fuchs, & Sieghart, 1997) , whereas a4 can combine with c2 to form sub-synaptic GABA A R's (Benke, Michel, & Mohler, 1997; Sur et al., 1999) .
Electrophysiological studies have found that GABA A R a4 KO mice show greatly reduced tonic inhibitory currents and slower mIPSC kinetics in dentate gyrus granule cells and thalamic relay neurons (Chandra et al., 2006; Liang et al., 2008) . GABA A R-mediated inhibition plays a critical role in modulating the dynamics of the neural circuitry thought to underlie learning and memory processes, influencing both information processing and synaptic plasticity (Buzsaki, 1997; Crabtree & Isaac, 2002; Paulsen & Moser, 1998; Read, Nenov, & Halgren, 1994) . The goal of the present study was to determine the learning and memory phenotype of GABA A R a4 KO mice utilizing Pavlovian tone fear conditioning.
In tone fear conditioning an initially neutral tone conditional stimulus (CS) is paired with an aversive shock unconditional stimulus (US). In delay conditioning, the shock is temporally contiguous with the tone whereas in trace conditioning the shock onset follows a ''trace" interval of 20 s after tone offset. Delay tone conditioning results from strengthening of the thalamic and cortical inputs which
